electron deso'rbed 0 or CO/. The true cross sections for these processes aA M1XMV'
for Xe-O and eZ4 nY/for Xe-CO. Some speculations about the mechanism, particularly the absence of ions are presented.
Electron impact desorption (or electron stimulated desorption as it is frequently called) is known to lead to the desorption of both neutral and ionic particles in all chemisorption systems studies so far [l] . Studies on physisorbed systems seem to have been confined mostly to CO and 0, adsorbed on top of chemi-
sorbed layers of CO [2] and 0 [3] respectively. in the case of these diatomic physisorbates (41, very high initial cross sections for the desorption of neutral CO and 0, were found, and these species seemed to predominate over all ions, particularly parent ions CO* and 0+ 2 . The explanation advanced for this was that -I- 2 cm behind the filament serving as mass analyzer-and detector. In experiments looking for ions, the mass analyzer's electron source was turned off and the crys- In later experiments grids were used to exclude electrons from the mass spectrometer from the crystal region and electrons from the EID filament from the mass spectrometer. Additionally, the cryoshield slit of the effusion source [_] was reduced in length in these series of experiments, so that only the central portion of the crystal, between the potential leads was covered with Xe, to prevent spurious effects arising from EID from the ends of the current or potential leads.
The W crystal was oxygen treated and cleaned by flashing to 2500 K. It was checked for cleanliness by Auger measurements in the usual manner. Xe monolayers were prepared by slight overdosing at 27 K and then heating to 50-55 K. Measurements were carried out with the crystal at 27 K.
RESULTS AND DISCUSSION
It was first attempted to look for the production of various ionic species, Estimates for other ionic species yield comparable numbers.
Attempts to look for desorption of neutral Xe were successful. Fig. 1 shows a semilogarithmic plot of the mass spectrometer signal vs. time (after subtraction of background) for neutral Xe desorption. There is an initial rapid decay, whose cross section is %10 17 cm 2 , followed by a slower decay whose cross section was found to be 3.2xi0 -19 cm 2 from the slope of the curve. The background to be subtracted consisted of the Xe background gas ionization in the mass spectrometer, and in those experiments where no grids were used, a contribution to gas phase ionization in the mass spectrometer by electrons from the EID filament. This latter contribution was suppressed when the grids were used.
/J
The fast decay portion of the signal is not an artifact. It was found even when the only central portion of the crystal received a Xe deposit. It could not be removed by heating the crystal, even to partial desorption, and in fact persisted to 0 = 0.25 when the coverage was reduced by desorption. It increased 1.4 approximately as 8 when coverage was increased by dosing (Fig. 2) . After decay of this initial signal, it could not be restored by heating, but only by redosing with at least .5 monolayers. The total amount of Xe removed by the fast decay process is immeasurably small, either by subsequent thermal desorption or by Auger measurements.
These facts suggest that it results either: (1) from some configurations, which can be created only by dosing but not by diffusive rearrangement of the layer on heating, with a fraction of thete configurations surviving thermal desorption, or (2) from kickoff of Xe by EID of an impurity present in small amounts but having a high cross section. The existence of such a kick-off effect for preadsorbed or coadsorbed 0 or CO will be discussed shortly. Attempts to look for ions other than Xe were therefore made during EID, but proved to be negative.
The purity of Xe gas used was also checked with mass spectrometer by closing the poppet valve connecting the main chamber to the pumping section (to reduce spurious liberation of gases from the ion pump during measurements). It was found that the Ar content was< 0.1%. The impurities in Xe gas were checked by thermal desorption and neither H 2 or N 2 impurities were found. Finally, no impurities such as C, 0, N, and Ar were found by Auger Electron spectroscopy for a crystal covered with one monolayer of Xe.
The slow decay exhibits some unusual properties as well. Fig. 3 shows signal intensity vs. coverage, obtained by partial desorption from a full layer. The signal is clearly increasing less than linearly with 9, or looked at another way, remains at high values as e decreases. Attempts to obtain a similar curve by increasing e by dosing led to such scatter that no firm conclusions could be drawn.
This result may be significant, in indicating that the accidental details of local adsorption configuration play a role in determining the apparent overall EID yield.
Again, it is difficult to do more than speculate on the reasons for the nonlinearity of yield with coverage. In the thermal desorption of Xe from W(llO)
Opila and Gomer [6] found 7ero order desorption for coverages 6> "-0.3. One possible explanation of this fact is the existence of islands in such a way that the total perimeter stays essentially constant; another possible mechanism also invokes the existence of islands. If ESD of Xe occurs primarily from island edges, the present results could be rationalized by assuming that the curve shown in Fig. 3 represents a measure of the effective perimeter vs. coverage. At high 9 the perimeter stays (almost) constant, thereby keeping the yield higher. As 8 decreases, the perimeter begins to decrease rapidly, so that the yield drops rapidly at low 0. It is also possible that desorption occurs from those Xe atoms having the least number of nearest neiglbors, even in the absence of well defined islands. Again, this quantity can vary very non-linearly with 6. Experiments were also performed at e = 2. The Xe signal seemed to be essentially equal to or slightly lower than that for 1 layer, and the cross section, as determined from decay curves, was essentially the same as for I layer. In the first layer EID did not seem to be temperature dependent up to T = 35 K.
In view of the nonlinearity of yield with a, another method for estimating cross sections was used, namely a direct comparison of the Xe mass spectrometer signal with that of neutral CO from virgin-CO desorption. By a method entirely The a value so obtained is comparable with that obtained from the decay, particularly since the details of the angular distribution for Xe are not known.
Experiments were also carried out in which Xe was adsorbed on layers of oxygen first adsorbed on the crystal. In these experiments a large neutral Xe signal was seen and decayed somewhat faster than the underlying chemisorbed species. where n is the rate in atoms/sec, aXe-0 th kick-off cross section and nxe/A = NXe the coverage in atoms/cm. n0 /A the rate at which 0 atoms and ions are pro-2 duced per cm , is given by
where a 0 is the total oxygen desorption cross section and oe-/A the electron flux. 
where cXe converts desorption rate into mass spectrometer signal, we can easily obtain aXeO using as before the relation between neutral CO signal and CO cross It is interesting that heated 0 layers seem to have a smaller apparent cross section. This suggests that the total amount of oxygen desorbed by EID is much less for layers heated to 1100 K, than for those heated only to 90 K. It is also interesting that the ratio of Xe to 0 + signal (the latter referring to desorbed 0 ions) is Xe/O4 = 2.4 for 90 K oxygen layers and 16 for 1100 K layers. This indicates that after heating to 1100 K the ion/electron yield for 0 + has decreased even more than the total amount of electron-desorbable oxygen. All of these facts point to reconstruction of the oxygen covered surface after heating to 1100 K.
While the mechanism of apparent Xe ESD in the presence of adsorbates with high true cross sections seems clear, the mechanism of true ESD for Xe is not.
The absence of ions suggests one of two possible mechanisms: Initial excitation is to an ionic state, possibly by a non-vertical transition, followed with such high efficiency by neutralization that only neutrals escape. The small overall cross section could then be the result of (a) a small Franck-Condon factor for the initial excitation to a repulsive region of the ionic curve and (b) a high neutralization probability on the part of the curve permitting recapture. On the other hand, it is possible that initial excitation to an ionic state plays only a very small role, if any, and that most of the observed desorption results from excitation to a repulsive state Xe* -M, or to Xe-Xe repulsion Xe*-Xe. In view of the high mass of Xe and the fact that it is physisorbed not chemisorbed, the first mechanism seems more plausible. Unfortunately, the observed signals are so weak that it is not possible to make cross section vs. excitation energy measurements. It is hoped that experiments on lighter inert gases will permit such measurements.
It is also interesting that the yield of Xe for a = 2 is not appreciably different from that for 0 = 1. In view of the results for Xe adsorbed on oxygen or CO covered surfaces, this suggests one or both of the following: (I) There is a quenching of excited Xe by other Xe atoms, even in the second layer, so that any kick-off is balanced by a reduced desorption probability. ioubis ax
